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m m w 

[0001] :^mmn.i<mm^mm-t^(o^:^M\^tcmitmmy<^^^-^^^mi^m^i<^m-t^ 
[0002] j^^t:^^ isiOf^t^cDu-fv^-fyy^mmmn. ^yv^xsi) iz^^xmmm. 

^t?#5o siC-e«^UfciOkVc7)i^l^j±pin^V;*— Kco|ilM;fylB]®iE{^Si 

ii5Ii]^^^1i^Si(Dpin^^;*-— KcD^l/20i^T<!:i^5it?foSo "Sfc. SiCc^pin^Z-f 
;*--K(Dm;^«:^«Si(7)pini5^V:^-K(Z)^l/'5i^T-e&'9.^^:3i;^y^^^ 
t<Kife't?#6o SiC(7)pini$^-r;e-— KJ^>^^l-t3SiCCDnpnh^>^v=^i?^SiC(DSIAF 

(DGTof£Hhmm^tix\^^^m^i-t^^nxm2)o 

[0003] SiC(D^^BtD^^®(D{OOOl}ffit^{*. Igl7{?DSiC(7)^fBt^^millt-^i-J:5i-. 
iSSUfficO (0001) '>y3>-ffili (000-1) ;^—^>®2^5#^i-§o :^>^ori^cD T-j 
:^#X'fe'9. :itb^^'l4i:V^9o (0001) v'y='^®l(i^fB/65v'y='^(Si)T';i^^^tb 
fcffiT'fcSo (000-l);(7->}<>'S2{ii^fB/i5;;(7-7i<>'(C)T*i^C^nfc®T-fe5o n 
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^#fF:5:ife2:A. K. Agarwal et. aU Materials Science Forum Voliime 3 
89-393. 2000^. 1349-1352M 

[0005] r(Z)<t9{-bT#?3tl.fct2^5feO/-^^7K-7^^f*^^^^tC{t;-^7"yT/^X i^-^f^iv 
>^ ■:7;^— A^y^.— A389-393(2002)||1259-1264M[Materials Scien 
ce Forum Vols. 389-393(2000) pp. 1259-1264}Xm^^thX\y^^X9i^ 

j^!¥^o m^u(oyMTf-—'7^mw-m^\zm^\^\^. m?5fg^^iooA/'cm^x*iNF^ 
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[0006] n^(Dpiny^^-v(Dm^.^mmi>^^(D^m\^\-im:^\^nmm^iooAXcTn'' 
c-So sicy<^^—^m^itsm^i^it-<x:k^mtiti^m^'i^^'^\^xv ^^k^ 

[0007] ifmn(Dy^^Tf^-y^MW-m^\t. mm tmm(D^t^mx^^m[:m 
[c^ixnm2<Dmm,m(Dmitmm<D^^mm=:.xv.m^mmmmxM^vfz.{i^- 

[0008] im.'^m^(DUM.(n^<'^'!^--=7^MW-ni-\x^ mm (:*-?j^v) tmm(Di\:^mx 
h^mitmm^mut-r^^i<Dmmm(Dmit^m^mi^(D'^^B(D cooo-d 
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[0009] :;^mmm<Dm.^(oy^^7f^-'7^mwm'i'\^. (;^-^v) mm(Dit^mx- 

[0010] 7^m^(Dm(Dm^^(^^^^^—'7^mw^m^i-t. c;^^— 4^v) t^m(Dit^mx 

mmmxmf^i^fc.}''v^hm.mmv'jyhm<D±\mf^vfcm2(Dmmm^^ 
^(Dmm^xtl1^.mRXJ^f^2<Dmmm(Dmtmm<D^^mi^m^±u<Dx^i^ 
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[0011] ;^^|^<Dffe<Z)m.^<^^^-r7K-7¥^f^^^^f^sJ^m(:^-'i^V)^^^<^^f^'^^"C? 
[0013] tulE;e-:7:^{^, 2iti^-bl0^i^T-efe'9. Bul2Ki;:7hjii:/^§;^<bS^(^::i^t''i5'=3f- 
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[0014] :^^mi^Xtlit^ ^^<$:Ml^T'(?)-<— >'^^^<^^®^^^^^J^tt5<^T• 
[00 1 5] [|g 1] HI 1 60 H 1 ^iSM<7)pn (pin) ^-T :?f-— K if ® El -CfcSo 

^m\^^fcpui'^^^^-vt(D. mmmim^<D'i^i\:nfit. imr^mm\.fc^^(Dm^m 

[0016] 1 (0001)v^y:='>'® 

2 (000-1 ):;i7—7nVffi 
21 

22 /^2/:7rji 

23 K!;:7hjl 

24 pgy^-^ii 

25 v>+m^>''^i^vm 

26 JTE 
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27 mm^tm 

28 ;^y— Km^ 

29 ry— K«1^ 

29a Ti^ 
29b Al^ 

50 npny<4^^yh'7>"^^^'$' 

51 

52 

53 h'])yhm 

54 pM^:^® 

55 nm^^m 

56 :;if— Ky>'^ 

57 P^Or^i^iJ^jJ^h^^ 

58 mim 

59 rii/i^^^^^ 

60 IGBT 
61 

62 /^^/-yrH 

63 Ky-ywi 

64 n^^;^ji 

65 v^j^-^m 

66 ri^/iJ'i^hM^ 
66a ?L 

67 ^BB: 

68 y-h®^^ 
68a 7L 

69 ^il/i^iJ'iiS^^ 

70 pin^'^^^:^-K 
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73 

75 mmi^"^ 

76 m^^^ 
79 zc^-/i$^^^ 

[0017] i^T. :^^m(DM:^(DmMmm\^-^^^xmmi^m,m-r^o ^a^a(^*&^;^{4R 

[0018] Ji|I^fp]^^<t:m^^*fl;^^{-f^x B^^tBcoJ;5^-S^^^bKy:7hjl-^(D-<-i^/v^ 

^^i/:::iTy>':/R20(1997)||125-166M[Materials Science and Engineer! 

ng, R20(1997)125-166]-t?#^$tl.TV^5J;9t3:. aS^t°>5^=3f-v-Y/V^fKSife 

[0019] ;5<^x5/y:7ia-^:Sfi^fg(^^:S$S^;iM?:f{000i}®Jc^tt^£;^l^<^^^ 
[0020] f-zv-T'w— >'^{ifi{oooi}ffi^cWf-#^i"5^{4-efc«9. ^{if^^xix:?' 
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?pig^s^t< M^uTv ^6o ^^mamt^h^m mnmmom) ^mTL^t-^ytm 

[0021] EI#jllS|pS^^#<-r6fcJ6tC{i,M)iSf;^f;^cZ)«^ft^li^-r/^^XT^:g5^ 
|gl 6 {Cl:^-r SiC(D^fB JC1*5V ^T, (000-1 ) ;«7 — tJ^V® 2 (000 1 ) ^ffi 1 i; 
[0022] (000-1);^— 7j<>'®2-e{i. ^— (Z)Si-CMSrl:9'^Jl^i-S> 

7^^y7'(l^^^iI^&);esi:^:i{^6^#v^;!)s, (oooi)i/y=tv®i-c{i. 2fosv^tt45)'^;icD 

m^(D:^'r^y^rmm^ri^o ZtHt. (OOO-D;^— jJ^Vffi2(7)x^>^(5Di|jI^5^ (000 

i)^/y^^Sic^7^^^ilis(D^^^^(;i^<^^6r^^^LT*5t9. :L(D:itt^{b (ooo- 
1) ;K:/®2(7)ei#iliaf p^fi (0001) v^y=f:/® l(DBI#jiilS^p>^J;«9/h^<''ce 

[0023] (000-1) ;{7-7jf >'ffi2t7)ll#iilSf P^f^ . i5fe:g3i^ic:;/^^<^fe#b. 

tS>^6<]^c (000-1) ;^-^V®2c^lSg^iitS^P^^;'^#<-t?#So rtt(^J;i9- 

jt^cxmm^^'^m^^^^o mm^m(Dmm^x^t. m^i-fpmy^:t-h^xi^^ 
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■To 



[0025] mi'Mi 

[0026] tulB^^^JS^J^-^^^^^^-^^^P-^^^'^^-^^^^^^^^^^^"'^"'^ 

pin^^-a^^J^-Y^^-KirUXaTt^t^^^^^^l^^'o 1-^^^-^07(^71.1- (0001) '>y=^ 



wo 2005/055323 



11 



PCT/JP2004/017888 



-^^7xio''cm~\ mmmoumx-h^o ^<^yyTm22it'^^-n.i^'^>mxnts:< 
:iti^m^\^^i:\^^m^'hh^o \'vyhm23\t.v-)—m^m5xio'^cm'\ ^mit^^o 
/zm-e$?5o h'vyhm23(D±\c^ pmf^^mi^^^. ry-h'tf£^mi^'^m24tp 
+^=j^^i7hji25^j[iMW^^-t-?>o pmm^m24nT^-^^-y<^mm5xio''cmr\ 

/?{io. 5jum-efo6o mm2i(Dcm±iammm'r^^^yyTm22. vvyhm23. 

[0028] ;$:^Jg«riI(^pin^'^y-t':^--K70^f^^-r6i:#(^^S^f^^i^^T^-PL<l5fePJ 
TtK^CH )^^V^5o seem (standard cc per minute) Xf^^ slm( 

2 

Standard liter minute) "e^-To kPa(kiIo pascal) -C^-To i^T<^Ufeia(-*3V^ 

[0029] S+^2l(DCffitC/-<iy7rii225r?l^J^K-r§X^-T:1-±. >-^>'(30sccm) . :/a/'?>'(l 
2sccm). Mm(30sccni)^t;«7K^(10slm)^^^-rSo ^S^rB^ft405>T'fe5o 

Wyhm23(Dmf^T.UXit. v^^^'CSOsccm). y^n/N°^(12sccm). M^(0. 2s 
cem)^t;«7K^(10slm)^#^^-rSo :&n;a0$p^{:ii6O5>T*fcSo 

pm^^m24(Dm^JMXn^ ->^:^(30sccm) . y^ci/-?:/(l2sccm) . hV?^^^^ 

[0030] p+^=i^^^i^h^25(D^^X^-C1i. v^^^-OOsecm) . >^P^^°:/(12sccm) . 

>^f-/ur/i-^=-^M^ (sosccm) Rxj^Ti^m (lOsim) ^m^-t^o mmmmn2j^xh^ 
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[0032] VVyhm23^mm-r^i:^Xi^. ,y^:/(10sccm). 7"n/>>'(3sccm). ^^(O. 
07sccm) ^I>^7R^ (lOslm) ^W^-^^o ^mmmt480'^Xh^o 
pmm^m24(Dmj^i:UXn. v^^^dOsccm). 7^n/-?>^(3sccm). hy^^/l-T 

ju^:=.^j. (5sccm) Rxj^Ti^m (lOsim) ^w^^t^o ^mmm^is'^xh^o 

^ + ^^^^^^hm25(D]^f^i:UXn. V7>'(10sccin). :/ny?>-(3sccm). 
^^.WT/l^^^^i^ (lOsccm) ^t>^7Km (lOslm) ^#^l&-rSo ^SB#r^}i65>-efcSo 

[0033] ^mmm(Dv>mm^y'^^-m(DSic:r.^'^^^y-Y^v^:.-^-t.^ 

yyyc-^m^mmm^^^^. j±ti5Pa. Mm^&mti26ow(D^i^xm^m2. 5nm 
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[0035] m^. :x.y^i^^{z.xmf^\^fc?^-^i^^x'(om^m'p^^^^^f^^^^^ ^^^^ 

>'v^3^) 26^mntCo JTE26^iAl^;?^^?^A^-cJ:'9?F^^LfCo Al^:i'>'^A(D=^^^ 
jU^-it30-450]ieV(Dm'(:6^mi^^:^s b-:?/^K-X»{il. 2X 10''cm"'-C* 

mt\.x(Dmmim27^m^\.f^. mm^m27<D±\c:r^v^^mm(DWSy^^^-i^ 
so^jfrnvx^^-r^o 

[0036] ^;K2lcOT3pt-Ni(^^350nm)^?1^^U:^y— K«^28i-rSo P+M^^^ 

^iJ^i^hJi 25±(^. Ti C^^^- : li[^350nm) i:Al (T/^^^l^iN : J¥^ 1 OOnm) (Om^ 
^fh^fl^mm\^. T ^—VWm29t-r^o Ty-Kffi@29t^. TiJi29a^A1^29b 

;o^b^^^tb-cv>§o mm^iooox:x2oj;^f^(r>m^m.^"ifox. w—\'^mM2s 

JSLnry—YmM2^^^fh^^^-%y^Wm\^ir^o v>ry^^(0-^^^\t,W^-^^2. 

Qxmn4>x-hm^\tv]ir^x^^o ^.^^^ z.(Dmmmx\'tr;v^=-^j^>(^>'^Akcx.^ 

fcSo -^i^d^ pin^^^-r:^-K70t^*5V^T{i. ^■^5/7t^22, Ky7h;i23. pM^-^ 
ji24^I>'p + ='>'^i^hjl25(^^n^*tb(D^'a'®(l2]4'7k¥;^|B](;iiS^55®^ fi> -f" 
-<T (000-1) ;^—Ji<^®2/?)^ib8^(7):^:7:^^^0®2a(|g|6) };i5p^f ^-^.CoTV^So 
[0037] ;$:|l5S^jC7)pin^'^^-f;*— K70(D»ffl;iE(^3500VT'fcO. ^^'mffifiS. 6Vt? 
fc-5o ±|HOpin^^^^-r;^— K70WllM;^f^^-m?5lt^^^lOOA/cm^-eiB#rB^®m 

|112fi. (000-1) ;^—^Vffi2;?i^f58^(D;^:7:^ 0 §rt>on 

MmH^SiCS^ (C®) 21(D®2a±{Clff^^L/cpin^'g'^^;*-— K70<^)^?aT'CO 
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lo<7)ftill-c'^$^-cv^5. i^mmm<Dpinm^y^:^- 

[0038] 03f*. ;^^m^iJ^pin^^^^^-K70tH:^^^fc:J^.t^^^»b/-c. ^W^X^ 

[0040] «||2^}fe^J» 

SiC. pM4H-SiC. n^4H-SiC^r(Dm#-r:'5S^&^l^^t°^^i/^^'-^«^^^ ^ 
pn/^^Tj^-^h^^-i^^^SO^f^iSibfCo 
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[0041] mmsu^. ^^u^v-mKXoX^^vt:.^:^^y}>^^y^ e mmttj:^Xoi^ 

. 75MmT'fc5o /<5/:7rJi52. Ky^h/iSS. pM^;S)i54. nM^;g^55<7)^l^ 
[0042] ;^^iS^J(Dnpn/^^>j^-^h^>'i^;^^50^i^»-r§i:#<^^a^^4^^i^Tt^f¥U 

:ffy^t\^Xii^m{n )^^V>5o seem (standard cc per minute) Xf^i 

. Sim (standard liter minute) T'^-fo ff^fi> kPa(kilo pascal)-C^-r o J^TcDlJ^B^ 

[0043] S;K51(DCffil^^^5/:7T»52^?f^fig-rSXaTi*. v^^^'OOsccm) . 7^P/-?:/(l 
2scem). ^^(30secm):RU^7K^(10slm)^#t^-t-^, ^a^f^(±405>T'fo6o 

Ky7h]i53(Dff^^Xa-e{i> ->^>'(30sccm). :/n/-?:/(l2sccm). ^fl(0. 2s 
ccm) :S:0^7Km (lOslm) ^^^^-fSo ^S^^f^eO^^T'fc^o 

p^^'^il54(Z)?f^^X@Til. iy7>'(30sccm). ^n/-?^(12sccm). hy^^^/^ 
r/l.-:=:'> A (6secm) :RU^7K^ (lOslm) ^#t^-r?>o ^SB#r.1{i4^-Cfc5o 
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[0044] r.m^^m55mmr.UX^a. v-^^^OOsccm). :/n^-?:/(12sccm). m^OO 

sccm):SLt;^7K^ (losim) ^^^i-^o ^n^mts'j^x'h^o 

cm). ^m(10sccm)^D^7K^(10slm)^#^^-t-6o ^m^mtl20iifX^^. 
[0046] Ky7b«53^?l^^-r5Xm-^ii. ^yy^dOsccm). ^^.^">'(3sccm). ^m(0. 
07sccm) ^t/7K^ (lOslm) ^^^i-^o ^SBt^f^ ISO^^tr^fc^o 

cm) mii^m (lOsim) ^w^^-rso mmm\t.'d':^x^^o 

[0047] ^-f > ^f£:-|4'Y^>':^^y^>'^'(RIE)^-J^'5n§yi5fe:Sii55^i|>I10Mm. ^^0. 75 
m)'lrfflV^f::o 
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mt\^X. CVD^CJ;o-Cii5MbfcSiO^S(J?^10Mm)^fflV^fCo 
[0048] ^^mmmX'ii. ^^;^iffi§B-eo«^^4^^^foi-^^^^<^^'-^^3^^'/^'56^^ 

OkeV-t:^fc?). h-^/^K-X*«l. 0X10"cm-^r'fe6o ^:^>'liA<7)-^:=^^l^{^^ 

d^75:5^OT6^fl^^bfCo ^^^(D:iC#^(^3. 2mmX3. 2mm-C'fe6o ^c^1b\ :L(D 

:^yn^^^M2siK^fx\^^^^X^^'6o 
[0050] »Ufcnpn.^^7K--7h7>'^^^^50(7)»ff {*1400V-Cfoofc. ;e-:^^5^fi8. 0 

Ol;i^-^m». 6A. =iW^>5^mi5tt7A(='l/^^«i5f£^^100A/cm^)^lB#^® 
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[0051] ^tm^\cDnv>ny<^^^-^hT^^:^^^^^^^^^^mm^^^ 

n.mmm^m^r^i^S. OmQcm^-X?fco/ci(7);6S^ mm<Dmmm^l5. OmQcm^ 

[0053] msMmm)) 

-efe?)o S^^i;05lgl6l;iiott§ (000-1) :^-^V®2;?)^?.3. 5it<75 

yvj5g^^-tt. l^Tl^PU<l^0^-r5J:9WGBT6O^^^$iUf::o pJii:nJi(7)^/ci?>^ 

-a-BCIii'^^^^r&ii^^^^^®)^*^ {oooi}®^?'c^o-cv^-5o 

[0054] :^^JS^J(OIGBT^Ji^i-af'J60lt^fflIGBT^^TO<t5i^i^Mi-So®:^fi 
;iS12]7(C*.nt5(0001)>^y=^>'®l^^?^3. 5^cD^7^ e (Dffila^t.OnM(D6H^ 

pM6H-SiCji. nM6H-SiCP. RXJ^pmGH-SiCm^mUk^^-r 

[0055] mmU^. 3Jc^w^y^^iCioT^:SU/c^^^-^>h^(000-l):*-^V®;5^f> 
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fi.:5pm}^M65i^r^±y^^mmi x lo^ W\ ^j^^^o. 75 ^ m-efc^o 
[0056] ifmmm(DiGBT^im-r^t^<Dmmm^^^:)^r\m\.<m.m'r^om^^^t 

m^J^^;UTJU^^MAliCH)] ^fflV>5o ^fcar^yT;^/^;^tU-C7K^ (H^) ^ 
fflV^?)o ^y!/;=^(D?5it»f*. seem (standard cc per minute) Xf*. slm (standard liter 
minute) T^^i-o B^i^. kPa(kilo pascal) -t?l^-ro i^ATcDtJ^B^t^^^V^T. ^^:^(D 

[0057] S*S61(DC®}^/<y:7rji62^ff0i^fe-r5XS-e}i. V7^(30sccm) . y^/^°>'(l 
2sccm). byp<^^l^T/V^^'>i^(3sccm)S:t>*7K^(10slm)^^^-r6o ^SB^f^ 

m2^-t?fe?>o 

V^jymeSCDJfmiim-Ci^. v^7>^(30sccm). yn/'^^^(l2sccm). hy7<^/l-T 
/l.-^^i.(0. 15sccm):SLt)^>4^^(10slm)^#t^-rSo ^a^rp^{*60^-t?fe?)o 

nM^Sii64(Djf^^X@-t:1*. v-^vOOsecm) . :/n/-?V(12sccm) . (9sc 
cm):5^D^7K^(10slm)^^^-r?)o ^iO^SNFf^lfiS^-efc^o 
[0058] pM^^Ji65CD?l^^Xati*. v-^^^OOsccm) . 7^n/^:/(12seem) . hV?^^^^^ 

r;v-^^j. (soseem) :sLt/7Km (lOsim) ^w^^^o wmmm\t3^x^^^o 
[0059] ^\z.mkm(oiGBT^{m-r^t^(o^^^\'^^^^^-^^o^^(osimmi^^ 
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[0060] h-J^meS^^m-r^l^UXi^^ v^^>'(10sccm) . ^P/^=:/(3sccm) . W^^^^ 

m) RxiTi^m (losim) :s:#^^^i-?)c ^m^mn24^xh^o 

[0061] p^^^iS65^?i^^X@-C^Ji. v-^^/dOsccm) . ^^.^>^(3sccm) . by.^^/VT 
(lOsccm) ^I/tK^ (lOslm) ^m^^^o ^Mmmm^T^X^^. 

[0062] r(DSiC:-l."^=^i/^/V^-— *^^i^5lC^-r^itcDIGBT60^^^^-r2)Xa^ 
[0063] ^ >i.-mi^^f^^-t-^/cfeiC.RIE{C^^pM^^«65^n^^M64^->y^^ 

[0064] ^^U/c;^^JS^^^IGBT^. ^^ffl^IGBT^Wm/E{^900VT*fo5o ^^^^^ 
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[0065] ^Mk^^^^ii-^^-^i- am^OIGBTcDy-hm@68. ^v;.^«®79^^ 

[0066] :^||0^^.^V>i^-9^^^^^^3o(D^JS^J(^S^t^«^^^^t5^^>^l^^^ 
;^^P^fi±fS^^Jfe^^^^PS^^^S1>^-Ci:i;^^<. SIAFET. SUFET. i^^^:^ 
GTO. MCTCMos Controlled Thyristor) . SiCGT(SiC Commutated Gate 
Thyristor) . EST (Emitter Switched Thyristor) , BRT(Base Resistance Controlled 
Thyristor);'^^^#@cD4H-SiC.<^4^-^^#^^m^l^^^ffi^^-^^*>^°^^ 

@(D4H-SiC.^^>}<-9^^t^^^r.i^^ffl^^-^'fe'5^6H-SiC^^^(^^(^5^^B« 

5t^fflv>/csic^^^^-7m^i-5iffl-^^ts^^"^'^^° 
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[3] mm tmm(Di[:^m-r:^h^mimm^mm-r^mi^mmm(Dmit 
i(Dmmm(Dmimm(D:^^°^^>^^^^^^m^^'o.m'^(^f^mmmxjfmi^^^^^ 
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mm^2<DMmM(D:^^ym \mm^f^nm-^^mx. mumi(omnm(o^^ 
m^^i(oMmm.(Dm^mm^m2(DMmm(o:s.-^ym\mmm^^^xr^^ 

muify^t^2lM.)^^}L\o^uyx^^:Lh^w^t'r^ni^^l*^^^ 

tmm(D\\L^^xh^m\:.^m^^Pit-t^^'^<omnm(Dm\:. 

ttjIE^^BC^ (000-1) ;57-7j^V® t:i^bT0r^cD^^^^-r 
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